Introduction
Large acoustic neuromas can lead to a variety of disabling symptoms including hearing loss, tinnitus, imbalance, facial numbness, and ataxia. Stereotactic radiosurgery (SRS) and gamma knife radiosurgery are possible treatment modalities, but microsurgical management remains the accepted treatment option. [1] [2] [3] [4] As with any procedure, there are associated risks that must be addressed with the patient prior to surgery. One of the most serious risks is injury to the facial nerve (FN), as damage to this critical neurologic structure can have a severe impact on quality of life.
and accurate prognostic tools for predicting postoperative facial function are not always reliable. Many reports link size and overall volume to increased risk of FN injury.
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However, these studies often include small and intracanalicular tumors in their analyses, which pose very little risk to the FN during surgery. 10, [15] [16] [17] [18] While size may have a correlation with FN injury, anatomical direction of growth, particularly anterior and caudal, may be a more accurate prognostic factor in risk assessment. 11, 13, 16, 17 In this study,
we present a simple, objective index evaluating the anteriorposterior (A/P) relationship of acoustic neuromas relative to the internal auditory canal (IAC) for the purpose of assessing risk of FN injury.
Methods Patient Population and Symptoms
After acquiring Institutional Review Board approval, a sequential review of 105 patients with unilateral acoustic neuromas measuring 2.5 cm or greater in largest extracanalicular diameter was conducted. All patients included in this study were operated on by the same neurotologist-neurosurgery team between 2005 and 2016 at the same tertiary care academic medical center. No patients overlap with the authors' previously reported series on large acoustic neuromas and FN outcomes.
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Tumor Characteristics
Measurements were made of the largest extracanalicular diameter on the patients' preoperative magnetic resonance imaging (MRI). The mean tumor diameter in its largest dimension was 3.4 cm. Thirty tumors were considered giant (4.0 cm or greater), and the largest tumor was 7.0 cm. We sought to characterize each tumor in three extracanalicular dimensions: lateral-medial (largest diameter perpendicular to the petrous ridge), A/P (largest diameter parallel to the petrous ridge), and inferior-superior (determined in sagittal/ coronal planes). The mean lateral-medial tumor length was 2.88 cm, while the mean inferior-superior tumor length was 2.67 cm. The A/P dimension was measured and analyzed relative to the IAC (►Fig. 1). The mean tumor length anterior to the IAC was 0.89 cm, and the mean length posterior to it was 1.12 cm. To evaluate anatomical position with respect to the IAC, we defined our prognostic index (A/P index) as the ratio of tumor length anterior to the IAC divided by the length posterior to it. Thus, the mean A/P index was 0.89/ 1.12 ¼ 0.79.
Surgical Technique
We used three surgical approaches in this study: the retrosigmoid, translabyrinthine, and combined retrosigmoidtranslabyrinthine. The selection criteria for these approaches has been previously described, 5 but the primary factors include the following: (1) tumor size and pathological characteristics, (2) extension of the tumor into the IAC, and (3) distance between the jugular bulb and the superior petrosal sinus, as determined on preoperative MRI. Cranial nerve monitoring of the FN was used in all cases, using a 0.1-mA stimulus, looking for a 100-mV response on direct stimulation of the nerve at the end of operation at the brainstem root exit zone.
Outcome Measures
We assessed FN outcomes using the House-Brackmann (HB) scale immediately after surgery, at 1 month, and at 1 year for all patients. For those patients with follow-up over 1 year, we used their most recent HB scores. Extent of tumor resection was evaluated through both intraoperative findings, with a specially designed bayonetted measurement tool, and postoperative MRI, categorized by gross total resection (GTR) and subtotal resection (STR). Similarly, intraoperative electrophysiological FN responses and preservation of FN anatomy were considered.
Statistical Analysis
Significance was determined using univariable and multivariable ordinal logistic regression models to predict patients' odds of having higher postoperative HB scores. In these models, a multinomial distribution was specified for the response variable (originally scaled 1-6), whereas cumulative logit links were used to estimate the odds ratio for each explanatory variable against a referent. The assumption of proportional odds was violated using the full 6-point scale; therefore, patients' HB scores were grouped into three more discrete categories. The groups were as follows: HB I and II, III and IV, and V and VI, which corresponded to "good," "moderate," and "poor" levels of FN function, respectively. Using the modified scale, the assumption of proportional odds was retained. In addition, the data were also analyzed using a binary cut point, qualifying HB I and II as good FN function and HB III and VI as FN dysfunction. The results reported herein correspond to the ordinal logistic regression analyses as they provide more detailed insight into patient outcomes. While the binary logistic regression models confirmed the initial results, they provided less precise estimates of the magnitude of the observed effects as evidenced by wider confidence intervals (CIs). All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, North Carolina, United States).
Results
Sixty patients (57%) were male and 45 (43%) were female. The mean age was 49 AE 15 years, with the youngest patient 13 years of age and the oldest 79 years. Patients were followed postoperatively for an average of 36.5 months. All of our patients presented with hearing loss. Other common presenting symptoms were as follows: 40 (38%) with tinnitus, 39 (37%) with balance or gait instability, 26 (25%) with facial numbness/paresthesia, 19 (18%) with headache, and 8 (8%) with facial twitching. Two patients were noted to have swallowing discomfort, while one was noted to have abnormal taste sensations. Other physical examination findings included abnormal eye movement, nystagmus, papilledema, facial weakness, and cerebellar ataxia. Immediately postoperatively, 68 (64.8%) patients had good facial function, defined as an HB score of I or II (►Fig. 2). However, this improved to 76 (72.4%) patients at 1 month and 93 (88.6%) patients at 1 year or latest follow-up. Four (3.8%) patients experienced delayed onset FN weakness within the first month postoperatively. No patient experienced increased FN deficit during the interval of 1 month and 1 year. Eleven (10.5%) patients experienced total facial paralysis (HB VI) at some point during the postoperative period. At their last follow-up, four patients improved to HB II, three patients improved to HB III, one patient improved to HB IV, and two patients improved to HB V. Only one patient with total facial paralysis did not improve. Thirty patients had giant tumors (diameters !4 cm), 13 (43.3%) of whom had an HB score of III or worse immediately postoperatively. However, at last follow-up, 2 (6.7%) patients had poor (HB V-VI), 2 (6.7%) patients had moderate (HB III-IV), and 26 (86.7%) patients had good (HB I-II) facial function.
When analyzing tumor size with respect to FN outcome, larger tumor dimensions trended positively toward higher HB scores postoperatively (►Table 1). However, maximum tumor diameter did not significantly predict higher HB scores using univariable and multivariable ordinal logistic models immediately postoperatively or at 1 month (p ¼ 0.18 and p ¼ 0.10; ►Table 2). Increasing lateral-medial length and inferior-superior length also trended toward higher HB scores, but this trend was not statistically significant. Additionally, length of tumor posterior to the IAC was not meaningfully associated with patients' postoperative HB score.
The mean A/P index was 0.79 (range: 0.10-2.40; standard deviation: 0.36). This unique A/P index was highly predictive of postoperative HB scores as well as FN function at 1 month after surgery. For every 1 standard deviation unit of increase (0.36) in the A/P index, a patient was 3.87 (95% CI: 2.16-6.94) times more likely to have a higher postoperative score HB score (p < 0.0001; ►Table 2 and ►Fig. 3). After controlling for maximum tumor diameter, a patient was still 3.82 (95% CI: 2.12-6.92) times more likely to have a higher postoperative HB score for every 1 standard deviation increase in the A/P index (p < 0.0001; ►Table 3). In addition, for every 1-mm increase Thirty-five (33%) patients had STRs, whether due to adherence of the tumor to the FN or due to other surrounding parenchyma that would lead to undue injury if further resected. The mean maximum tumor diameter of tumors with STR was 3.68 cm versus 3.26 for those with GTR, which achieved statistical significance (p ¼ 0.02). At latest followup, the mean maximum diameter of residual tumor was Abbreviations: A-P ant., anterior-posterior length anterior to the internal auditory canal; A-P post., anterior-posterior length posterior to the internal auditory canal; I-S, inferior-superior length; L-M, lateral-medial length. 
Discussion
Although some studies suggest that there is no correlation between tumor size and FN injury, [19] [20] [21] most studies and surgeons who operate on these tumors agree that as tumor size increases, physiological preservation of the FN becomes more difficult. 2,5,9,13-18,22 Also, many studies that link FN dysfunction to increased tumor size include small and intracanalicular tumors in their analyses, which typically pose less risk to the FN. 10, [15] [16] [17] [18] While this trend of larger acoustic neuromas posing greater risk of FN dysfunction may be true in general, our experience tells us that not all large tumors pose the same level of risk. In this study, we included only tumors larger than 2.5 cm in extracanalicular diameter and evaluated information regarding anatomical position and extension, which may explain increased risk of FN damage. Although tumor diameter did trend slightly upward with increasing postoperative HB scores, we found this relationship to be statistically insignificant. Therefore, it is difficult to determine whether sheer size is the cause of higher HB scores. We found that increased length of tumor extending anterior to the IAC as well as increases in our unique A/P index significantly predicted worse postoperative HB scores. Several studies have reported the correlation between anterior extension and worsened FN outcomes. 11, 13, 17 This is presumably because as the tumor extends anterior to the IAC, it stretches and distorts the nerve along its natural course out of the IAC, making it more susceptible to injury. 11, 16, 23 Similarly, tumors positioned predominantly posterior to the IAC (low A/P index) typically do not distort the FN and pose less risk during resection. This suggests that some large and even giant tumors should be considered as low risk for developing FN injury if their position is such that they are mostly posterior to the IAC (►Fig. 2).
One would expect that increased lateral-medial extension may negatively impact FN outcome due to brainstem compression. While our data showed trends that may suggest lateral-medial extension worsens FN outcome, it was not statistically significant. This does not undermine the possibility that significant lateral-medial extension puts stress on the FN and distorts its course, but it does strengthen the assumption that anterior extension may be the most meaningful dimension of tumor extension to evaluate preoperatively when predicting FN outcome.
While both increasing length of tumor extending anterior to the IAC and increasing A/P index were important factors in predicting worse HB scores, the magnitude of the effect associated with the A/P index was over three times greater than that of the anterior to IAC measurement (OR ¼ 3.87 vs. 1.16). As the A/P index takes into account the length of the tumor anterior to the IAC as it relates to the posterior length, rather than a single unidirectional measurement, it also serves as a more complete and thereby effective predictor of patients' postoperative HB scores. Furthermore, the A/P index was still a significant predictor of postoperative HB score after controlling for tumor size, suggesting that the relationship of the tumor relative to the IAC is indicative of risk for FN injury independent of sheer size.
Given the detrimental effect of FN dysfunction on quality of life, [5] [6] [7] it is critical to provide the patient with reliable and objective information regarding their risks. While tumor size is a logical point to bring up preoperatively, we believe that the A/P index may provide a more reliable risk assessment of FN injury in the setting of acoustic neuromas greater than 2.5 cm in diameter. This study also analyzed the relationship between the extent of resection (GTR vs. STR) and HB scores. Although radical resection with preservation of the cranial nerves and brain parenchyma remains the goal of acoustic neuroma microsurgery, STR in certain cases has been shown to aligns with these newer studies in that we found no meaningful difference in FN outcomes between the retrosigmoid, translabyrinthine, and combined approaches. Ultimately, we believe that the operative approach should be an individualized decision based on several factors including size and anatomy of the tumor, preoperative hearing deficit, and surgeon experience. While our A/P index is highly predictive of FN outcomes following surgery, there are other factors to be considered. For example, cystic tumors are notoriously adherent to the FN, increasing the risk of FN injury during surgery. Numerous studies have reported worse outcomes with cystic tumors compared with solid tumors and recommend STR when GTR is not feasible. [30] [31] [32] [33] [34] [35] [36] [37] Also, this study did not consider intracanalicular extension nor bony changes to the IAC as they have been reported to be insignificant factors for predicting FN outcome. 13, 14, 17, 38 Additionally, increased overall tumor volume has also been linked to worse FN outcomes, as one would expect, but it is still uncertain whether tumor volume is more predictive than maximum tumor diameter. 13, 19, 20 In the past few years, there have been an increasing number of studies, which use diffusion tensor imaging (DTI) to analyze the spatial relationship of the FN to the tumor. [39] [40] [41] [42] While DTI may provide a detailed analysis of the risk for FN injury, it is susceptible to error. The A/P index provides a simple tool, which can be readily calculated on standard MRI to provide meaningful FN risk assessment. Studies that analyze the A/P index in terms of volume, in addition to two-dimensional measurements, could potentially enhance the validity of the A/P index as a preoperative risk assessment tool. Also, a prospective study, which uses the A/P index in determining extent of resection, would be useful.
Conclusions
Given the impact of FN dysfunction on quality of life, it is imperative to provide reliable preoperative risk assessment. Most surgeons would agree that larger acoustic neuromas are associated with a greater risk of FN injury. However, in the case of large tumors (>2.5 cm), we believe that direction of growth is of utmost importance, specifically the degree of anterior relative to posterior extension from the IAC. The novel A/P index we present in this study was more predictive of FN injury than overall tumor size as well as lateral-medial, inferior-superior, and individual anterior and posterior components.
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